Objective: Two-cell block as a problem occurs in some couples referring to infertility center. This study was designed to compare the effect of different kinds of chemical activators on arrested mouse two-cell stage embryos in order to enhance cleavage and developmental formation rate. Material and Methods: Following superovulation, the female mice were mated with males and positive vaginal plaque mice were euthanized 48 hours after hCG injection. Subsequently, 2-cell embryos were collected and randomly cultured (in M16 medium) in six groups. Some embryos were washed and cultured as 1st group without any exposure. The remaining 2-cell stage embryos were exposed to 4°C for 24 hours in order to arrest in 2-cell stage for 2nd to 6th groups. The 2nd group was incubated immediately, while the 3rd group was exposed to 10 µM Ionomycine for 3 minutes and the 4th group was exposed to 10 mM strontium for 5 minutes. The 5th group was exposed to %0.1 Ethanol for 5 minutes and the 6th group to %0.1 Methanol for 3 minutes. Subsequently, all groups were incubated up to blastocyst stage. Results: Data were analysed employing a one-way Anova test the results show that the rate of degenerated embryos is significantly different (P<0.05) between groups by low temperature (4°C) exposure. The mean percentages of cleavage, blastocyst and hatched blastocyst formation rate in the 4th group were 80.9%, 69.2%, and 46% respectively, showing a significant difference between groups. Conclusion: This study shows that among different chemical activators used in this study, Strontium is the most powerful chemical activator to enhance cleavage and development of arrested two-cell embryos in the 4 th group.
Introduction:
Many different factors affect cleavage and development of in vitro produced embryos, some of which cause developmental arrest and infertility. Decreasing the growth and the developmental rate of embryo and arresting in certain step of development like pronuclear and two-cell stage (1) could be the reason of infertility in some couples referring to fertility and infertility center (1) (2) . few studies are performed in order to overcome two-cell blocks. For example, Matsukawa et al. showed that developments of two-cell block mouse embryos are attainable by polyaminocarboxylates with various metal ion stability constants, including EDTA and DTPA, whereas they are not attained by dipicolinic acid and deferoxamine, which are nonpolyaminocarboxylate metal ion chelators.
EDTA caused maximum alleviation of the two-cell block (3) . Embryo can be stored at temperatures above freezing for only a limited period of time, although in comparison with freezing this technique is useful and more convenient (4) . One of the features of in vitro-produced (IVP) mammalian embryos is the high frequency of early developmental failure thought to be brought on by sub-optimal culture environments (2, 5) . According to the typically low gene expression profiles of most genes and the level of specific maternal stores, early cleavage embryos, which are sensitive to their microenvironment, including suboptimal culture conditions may signal permanent embryo arrest at this stage of development as a means to prevent further development of low quality (abnormaldamaged) embryos (6) . Reciprocal crosses between blocking and no blocking strains indicated that this in vitro 2-cell block is a maternally regulated occurrence (7) . In many animals, oocyte or follicular components assembled during oogenesis, control the earliest stages of development which occur independently from major activity of the embryonic genome (8) . During the past decades, intensive efforts have been made to elucidate the 2-cell block. However, there is still little information on the mechanism of this event. It has often been assumed that block occurrence in early developing cultured embryos is due to the failure of zygotic gene activation (9) . Twocell block is defined functionally as the inability of fertilized eggs to develop at in vitro post two-cell stage (10) . Different agents have been used to induce embryo activation, and the majority of the protocols used in nuclear transfer were adapted from previous studies describing oocyte parthenogenetic activation (11) (12) . Recently, Nasr-Esfahani et al. reported that artificial oocyte activation with Ionomycin can improve fertilization and cleavage rates in teratozoospermic patients (13) . Altering signal transduction pathways that regulate the rate of embryogenesis using Ethanol may influence preimplantation development. Ethanol at concentration more than 5% can elicit parthenogenetic activation of oocytes (14) (15) (16) . In adition to ethanol, other alcholes including propandiol and methanol are potent parthenogenetic activators (17) (18) (19) . Oocyte activation upon exposure to ethanol has been attributed to a transient rise in intracellular calcium due to an increase in membrane permeability to calcium (14) (15) (16) (17) . The possible role of Ca2+ in the stimulation of preimplantation development is accelerated by the increased rate of fluid accumulation during cavitation. Similar effect is reported for Calcium Ionophore, so that elevation of intracellular Ca2+ could also accelerate cavitation. The molecular mechanisem underlying arrest in two-cell embryos is poorly understood. It was shown that the developmental arrest is maternally controlled (7, (20) (21) and can be overcome by cytoplasm injection from nonblocking strains (22) (23) . It was shown that the loss of Cdc20 causes mouse embryogenesis to stop at the two-cell stage. In fact Cdc20 is essential for metaphase-to-anaphase transition. Downs and et al. shows that D-glucose and hypoxantine alone had little inhibitory activity on embryo development. These two components interact in a synergistic manner to arrest embryos after first cleavage. The one-cell stage is unusually sensitive to the type and the concentration of energy source. The differences between blocking and non-blocking strain of mice may be related to different lactates which is apyrovate ratios necessary for balancing the reduction potential of the embryo (24) . In mammalian species, parthenogenetic development has been achieved by a variety of methods that induce Ca2+ transients (25) . Although single Ca2+ elevations are induced by ethanol, calcium ionophore, or an electrical pulse are not sufficient to promote development. Multiple Ca2+ elevation, and post strontium (Sr2+) treatment significantly enhance the development of oocytes (26) (27) by mimicking sperminduced oscillations (26, 28) . It is also possible that fluctuations in ion concentrations in the culture medium may cause the two-cell block in mice. The arrested two-cell stage embryos have significantly elevated the levels of both intracellular pH and intracellular free Ca2+ (29) . Methods used to maintain embryos in a metabolically inhibited but viable state, include cooling at refrigerated temperatures (short term storage), which is clearly simpler, more convenient and inexpensive than cryopreservation of embryos. Success with the storage of preimplantation embryos at temperatures from 0 to 7 has been reported for mice (30) . There have been several studies about the effects of temporary storage at low temperatures on the development of fertilized mouse oocytes. DNA replication temporarily ceases in fertilized oocytes under storage at 4•C for 12h, but recovers immediately after return of oocytes to the normal temperature (37•C). Morphologically all oocyte treated at 4•C showed centering of the female and male pronuchlei or close association of female and male pronucli 6h after return to 37•C(31-32). There are many efforts in order to minimize the effects of potentially extrinsic factors (like combination of medium and oxidative metabolite) on developmental arrest (3). Similarly intrinsic factors like genes, cytoplasmic factors, and chromosome reconstruction can terminate to arrest (33) . Many protocols are used for oocyte activation and are divided into physical and chemical protocols. This study was designed to select the most powerful activator among the Ionomycine, Ethanol, Strontium and Methanol for embryo activation in order to enhance the growth and the development of two-cell arrested NMRI mouse embryo.
Material & Methods:
All experiments were approved by the Arak University of Medical Sciences Animal Ethics. Experiments were conducted in accordance with the Iranian health and medical research council code of practice for the care and use of animals for scientific purposes. In this experimental study, 6 to 8 week-old mice (NMRI strain, N=200) were recruited from Razi Vaccine & Serum Research Institute and in order to get them adapt with the new environment, they were kept in the animal house of Arak University of Medical Sciences under standard conditions (12 h light, 12 h dark, 21 ± 5 ºC) for one week (34) (35) . Female mice were injected intraperitoneally by 10 IU PMSG (Intervet Holland) for superovulation. After 48 hours, they were injected by 10 IU hCG) Organon Holland and coupled with male mice. Positive vaginal plug mice were separated and euthanized 48 hours after hCG injection by the cervical dislocation method (39) . Two-cell stage embryos (Figure 1 .a) were collected by flushing of oviduct, transferred to 25 microdroplets M16 medium (Sigma, M-7292) covered with mineral oil, after 3X washing. Subsequently, the collected embryos were divided into six groups: some embryos were washed and cultured as 1st group without any exposure. The remaining 2-cell stage embryos were exposed to 4°C (32) for 24 hours in order to arrest in 2-cell stage for 2nd to 6th groups (Fig. 1) . The 2nd group was incubated immediately, while the 3rd group was exposed to 10 µM Ionomycine (C-7522, Sigma) for 5 minutes and the 4th group was exposed to 10 mM strontium for 5 minutes. The 5th group was exposed to %7 Ethanol for 7 minutes and 6th group to %0.1 Methanol for 3 minutes (36) (37) (38) (39) (40) (41) . The numbers of two-cell embryos in each group were 10-15 and for all, there was a minimum of 3 repeats with each group.
Embryo evaluation:
Evaluation was done at hours 48, 72 and 120 post culture by stereomicroscopy and the rate of degenerated, cleaved, morula, and blastocyst stage embryos were counted.
Statistical analysis:
All statistical analyses of this study were done by the statistical software SPSS version 11.5. The growth rate and the developmental parameters of embryos were analyzed by a one-way ANOVA test. Significant differences between groups were determined by Post Hoc analyses.
Results:
Effect of 4°C on development of mouse twocell Embryos: Data analysis by a one-way ANOVA test shows that embryos (Table 1) exposed to low temperatures (group 2), develop to the blastocyst stage nearly 12 -24 hours later than the embryos that were not exposed in group 1 (data was not shown). The results of the growth and the development of the embryos are shown in tables 1 and 2. The rate of the degenerated embryo in group 2 (exposed to low temperatures) is significantly different from the embryos in other groups except group 6 (P=0.999). The rate of embryos arrested in 3-4-cell stage in group 2 is more than other groups but these differences are not significant. The rate of the embryos arrested in 5-8-cell stage (Figure 1 .b) in group 2 is more than other groups, but these differences are not significant. The rate of morola ( Fig.1.c) in group 2 is lower than other groups (Table 1 ) and the differences are significant except for group 6 (P=0.395). The rate of the blastocyst stage embryos (Figure 1 .d) in group 2 is significantly lower than other groups except groups 2 & 6 (P=0.930) ( Table 2 ). The rate of hatched blastocyst (Figure 1.d) is significantly lower in group 2 compared with group 1 except with group 5 which is not significant (P=0.322) ( Table 2) . In a similar manner the cleavage rate in group 2 is significantly lower than the other groups except group 6 (P=0.999).
Effect of Ionomycine on arrested two-cell Embryos:
Data analysis by a one-way ANOVA test shows that the rate of the degenerated embryos ( 
Effect of Methanol on arrested two-cell Embryos:
Data analysis shows that the rate of the degenerated embryos (Table 1) in group 6 (exposed to Methanol) is significantly more than other groups except group 2 which has no significant differences from group 6 (P=0.999). The rate of morula stage embryos in group 6 is significantly lower than other groups except group 2 which has no significant differences from group 6 (P=0.359). The rate of blastocyst stage embryos in group 6 ( Table 2) is significantly lower than other groups except group 2 which has no significant differences from group 6 (P=0.930). The rate of hatched blastocyst in group 6 is significantly lower than other groups (P=0.004). The cleavage rate in group 6 is significantly lower than other groups except group 2 which has no significant differences from group 6 (P=0.999). Each treatment repeated 3 to 5 times.
Discussion:
Although the effects of chemical activators on cleavage and the development of parthenogenic oocyte and early embryos have been investigated previously, but to the best of our knowledge, the effect of these materials on cleavage and the development of arrested two-cell embryos had not been investigated. A previous study shows that mammalian egg activation can also be achieved by a variety of artificial stimuli (42) . Exposing embryos to the low temperature of 4ºC, decreased cellular metabolism and protein synthesis of embryos and thus, the metabolic transport system was affected. Probably in this condition, embryotrophic factors change to embryotoxic factors after a short time and increase the sensitivity of embryos to unfavorable compounds of culture system (40) . Similarly in this study, the rate of degenerated embryos is increased by exposure to a low temperature in group 2 (table 1) . Although Calcium Ionophore, Strontium, Ethanol and Methanol could decrease the rate of degenerated embryos by increasing the rate of cleavage and development. (this sentence is not complete!! Although introduces a dependent clause which should be completed with an independent clause) The arrested and degenerated embryos exposed to 4ºC were increased, and they reached the blastocyst stage later than the control group even though they would survive if they were incubated again in optimal conditions and were exposed to effective activators. Manipulating Ca2+ signaling patterns during egg activation can severely alter the pre-implantation development and the implantation outcome (43) . Ca2+ transients can affect the morphological, biochemical and the developmental events of egg activation. Similarly Ca2+ signaling at fertilization is a vital event for switching the oocytes from meiosis to mitosis (2) . Probably because of the low effectiveness in activation and toxic effect of Methanol, the degenerated embryos did not show any significant differences between groups 2 & 6. With effects of Calcium Ionophore on arrested two-cell embryos (3rd group), more embryos developed to blastocyst related to 2nd group (Table 2) , so the rate of degenerated embryos decreased in the 2nd & the 6th group and had no significant differences from the 4th & the 5th group. Zhang et al. showed that strontium is the most efficient parthenogenic agent for activating mouse ovulated and nuclear transplanted eggs. Their results are in line with findings of the present study (44) . According to the above-mentioned study, the mechanism by which strontium causes Ca2+ oscilations in early embryos remains unknown.
As an important step in the activation procedure, Yamazaki evaluated the effect of strontium for oocyte activation on in vitro and in vivo developmental capacity of bovine reconstructed embryos. Their results showed that strontium can be used as an activation agent in bovine cloning procedures and that activation with a combination of Strontium and Ionomycin increased the in vitro developmental capacity of reconstructed embryos. In their study the cleavage rate with 20 mM of strontium was 42.9 %, so 12.6% of them reached the blastocyst stage (45).
Krivokharchenko et al. used 2 mM strontium for 2 hours, in order to activate rat oocytes parthenogenetically at the preimplantation stage. The mean percent of cleavage rate was 93% which is higher than the results in the present study (81%). This can be attributed to the parthenogenesis, arrest and different dosages of Strontium used in their study (38) . Their lower cleavage rate is probably as a result of the effect of manipulations and stresses during nuclear transfer and the differences between two species. Rogers et al. used 7% ethanol for 7 minutes in order to activate parthenogenetic oocytes. The rates of cleavage, morula and blastocyst formation rate were 83, 79 and 72% respectively which were significantly more than the results of the present study (respectively 78, 59 and 35%) (39) , possibly because of the low temperature exposure in the present study. It was shown that the short-term (15 min) and the long-term (2 h) strontium treatments were superior to stimulation by ethanol for parthenogenetic activation. The mean percentage of cleavage 12-14 h after hCG injection was 93% (38) while in our study it was 79%. This difference may be due to the different strain of rats and mice and also the low temperature exposure in this study. Yamazaki et al. showed that strontium can be used as an activation agent in bovine cloning procedures meanwhile activation with combination of strontium and ionomycin increased the in vitro developmental capacity of reconstructed embryos. In their study, the cleavage rate with 20 mM of strontium treatment was 42.9 %, so 12.6% of them reached the blastocyst stage (45) . Our different results are probably because of the different dosage of strontium used in this study.
Conclusion:
In conclusion, the present study showed that Strontium and Ethanol are more effective than the other chemical activators used in this study, so for cleavage, development to blastocyst and hatched blastocyst by Strontium is more than Ethanol but their differences are significant only for hatched blastocyst. 
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